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Matrix Completion

 Example: movie recommendation

Given a set Ω and the values 𝑀Ω, how to predict other elements?



Matrix Completion

Assumption: the underlying matrix 𝑀 is low rank.

Recover M by solving



PU Matrix Completion

All the observed entries are 1’s.

 Example :

- Link prediction in social networks (only friend relationships)

- Product recommendation



Problem

Minimizing the loss on the 

observed 1’s.

trivial solution

 Treat all the missing entries as 

zeroes, and minimizing the loss 

on all the entries.

99% elements are zero → tend to fit zeroes 

instead of ones



Outline

 Shifted Matrix Completion for Non-deterministic Setting

Biased Matrix Completion for Deterministic Setting

 PU Inductive Matrix Completion 

 Experiment



Non-deterministic Setting

𝑀𝑖𝑗 ∈ 0,1 , 𝑀 is low rank.

 The generating process: 𝑀(underlying) → 𝑌(0-1 matrix) → Ω1

An underlying 0-1 matrix 𝑌 is generated by
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Ω1 sampled from {(𝑖, 𝑗)|𝑌𝑖𝑗 = 1}, the sample rate is 1 − 𝜌 = Ω1 / 𝑌 0

recover the underlying matrix M



Unbiased Estimator

𝑠 = #1 ҧ𝑠 = Ω1

: observations



Shifted Matrix Completion



Deterministic Setting

𝑀𝑖𝑗 ∈ 0,1

With threshold 𝑞 ∈ [0,1]:
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Ω1 sampled from {(𝑖, 𝑗)|𝑌𝑖𝑗 = 1}

 The goal is to recover 𝑌



Label-dependent Loss

minimizing the α-weighed expected error in the partially observed situation = 

minimizing the true recovery error R

Recovery error: 

𝛼-weighted expected error:  

Label-dependent error:



Biased Matrix Completion 



PU Inductive Matrix Completion 

 Input: partially observed matrix 𝐴Ω and features 𝐹𝑢, 𝐹𝑣 ∈ 𝑅𝑛×𝑑 associated with rows/columns.

 Recover the underlying matrix by solving



Experiment - Link Prediction 

ca-GrQc (4,158 nodes and 26,850 edges) 

ca-HepPh (11,204 nodes and 235,368 edges)

LiveJournal (1,770,961 nodes, Ω𝑡𝑟𝑎𝑖𝑛 = 83,663,478 and Ω𝑡𝑒𝑠𝑡 = 2,055,288) 

MySpace (2,137,264 nodes, Ω𝑡𝑟𝑎𝑖𝑛 = 90,333,122 and Ω𝑡𝑒𝑠𝑡 = 1,315,594)



Experiment - Inductive matrix completion 


